Background In Asia, obesity has reached epidemic proportions and physicians are likely to face a burden of obesity-related disorders, of which osteoarthritis of the knee is one. However, it is unclear whether obesity affects improvement of conventional TKAs in Asian patients. Purpose We therefore asked whether obese patients with a BMI of 30 kg/m 2 or greater would have worse ROM and function after TKA compared with their nonobese counterparts and whether they would have less improvement preoperatively to postoperatively.
Introduction
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disturbances that could result in systemic risk factors for OA [4] . Gillespie and Porteous [12] commented, ''While increased risk of complications and early implant failure has been shown by some studies in the morbidly obese, there is no definite cut-off in Body Mass Index which accurately separates high-risk from low-risk individuals, although there is evidence that heavier patients are at greater risk.'' Obesity has reached epidemic proportions in Asia and as a result there is a potentially large burden of obesity-related disorders [22] . Obesity generally is defined by the BMI, which correlates with total body fat and is also a harbinger of cardiovascular risks [5, 6] . According to the WHO, a patient with a BMI of 30 kg/m 2 or greater is considered obese [32] . The risk of having obesity-related complications after TKA increases after BMI reaches 25 kg/m 2 [26] . However, in the Asian population the risks reportedly increase with a BMI greater than 23 kg/m 2 [8] . This largely has been attributed to the higher fat mass for a given BMI in the Asian population compared with the white population [17] . The impact of obesity on the outcomes of TKA is reportedly variable [28] . Increased body weight intuitively would be expected to lead to a poorer outcome as a result of the greater biomechanical forces generated on the prosthetic components and the surrounding bone. Distinction between weight and BMI, however, is important, as the former is an absolute measure, while the latter is a relative one. Whereas body weight may be a predictor of poor outcomes, BMI may not [23] . The lower activity level typically observed in obese patients may offset the harmful effects of increased biomechanical forces on the boneprosthesis interface.
Some studies [11, 30] show a higher prevalence of knee OA in obese subgroups of Asian patients. There have been several papers [9, 14, 27] to date discussing the impact of obesity on postoperative outcomes after TKAs in Western patients. Given the fact that obesity-related complications occur at a lower BMI in Asian as compared with the Western population, Asia could see a greater number of obese patients consulting orthopaedic surgeons for TKAs.
Although Western studies [12, 14] show the deleterious effects of obesity on postoperative outcomes after conventional TKAs, studies on Asian patients are few and inconclusive. With the advent of globalization and migrant communities throughout the world, it is important surgeons know the peculiar characteristics of a patient from a particular community so that the ideas, concerns, and expectations of the patient are addressed.
We asked whether obese Asian patients with a BMI of 30 kg/m 2 or greater would have worse ROM and function after TKA compared with their nonobese counterparts and whether they would have less improvement preoperatively to postoperatively.
Patients and Methods
We retrospectively reviewed 387 patients who underwent elective TKAs from January 2006 to May 2009. All had the same surgical technique and postoperative care. We excluded 18 patients for one of two reasons: symptomatic OA in the contralateral knee (defined as self-reported knee pain greater than 4 on a 10-point, verbal analog scale) or other lower extremity orthopaedic conditions or neurologic impairments that limited function. These exclusions left 369 patients (95%) for review. Our institutional review board waived approval for this study.
All patients underwent unilateral posterior-stabilized TKAs by one surgeon (HCT). All had tourniquets applied to the surgically treated limbs throughout the course of the surgeries. TKAs were performed in standard fashion for all patients. The medial parapatellar approach was used for patients with varus OA, and the lateral parapatellar approach was used for patients with valgus knees with OA. All patients in this study received a standard tibial implant. Patellar resurfacing was not performed in all patients. Drains were inserted for all patients and removed on either Postoperative Day 2 or when the drainage was less than 70 mL, whichever occurred earlier.
All patients received standardized postoperative care, which included appropriate oral and parenteral analgesia, mechanical calf pumps, continuous passive motion from the first postoperative day, and daily inpatient physiotherapy assessments. All patients began ambulation on the second postoperative day. None of the patients received oral chemoprophylaxis for deep vein thrombosis and pulmonary embolus as our previous study on Asian patients undergoing conventional TKAs without chemoprophylaxis showed a low incidence of venous thromboembolic events [3] . On discharge, patients were followed up at the specialist outpatient clinic at 1 month, 6 months, 1 year, and 2 years. At each visit, the patient reported the pain score and any other concerns they had to the surgeon. The surgeon also examined the knee for any signs of wound or joint infection. Detailed review by the physiotherapist, as outlined below, was conducted at 6 months and 2 years after TKA. Radiographs of the knee also were obtained in the immediate postoperative period and at the 1-year followup.
Heights and weights of the patients noted at hospital admission were extracted from the standardized medical case notes. Health service utilization data collected during the 6 months after discharge were extracted from the local healthcare databases. These data included length of stay (LOS) and readmission to Singapore hospitals. At the 6-month and 2-year followups a physiotherapist determined ROM of the surgically treated knee using a goniometer; we also obtained Knee Society scores [13] , SF-36 1 (The Medical Outcomes Trust, Hanover, NH, USA) [31] , and Oxford Knee Score [7] . There were no missing data with respect to the demographic details and the functional outcomes for all patients in our study who returned for the required followups.
Definitions of obesity have varied widely, and no standard definition exists [1, 6] . We used the BMI classification as defined by the WHO: underweight (\ 18.5 kg/m 2 ), normal (18.5-24.9 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ), and obesity Class 1 (30.0-34.9 kg/m 2 ), Class 2 (35.0-39.9 kg/m 2 ), and Class 3 (C 40.0 kg/m 2 ). Owing to the small samples of Classes 2 and 3, these two groups were classified as one group in our analysis. Based on the above classifications, four BMI-dependent stratifications then were created: (1) normal (\ 25.0 kg/m 2 ); (2) overweight (25.0-29.9 kg/m 2 ); (3) obese (30.0-34.9 kg/m 2 ); and (4) severely obese (C 35.0 kg/m 2 ). Among the 369 patients, 98 had normal BMIs, 158 were overweight, 87 were obese, and 26 were severely obese. Patients in the obese and severely obese groups were younger (p \ 0.001), had greater prevalence of cardiovascular disease, diabetes mellitus (p \ 0.001), and a higher mean number of comorbidities (p \ 0.001) as compared with their nonobese counterparts (Table 1) . Otherwise, we identified no differences in the gender proportions, LOS, and discharge locations from acute care. Preoperatively, patients in the severely obese group had lower ROM (Table 2) as compared with the rest (p \ 0.001).
ANOVA and the chi-square test were used to compare means and proportions respectively across the four groups. All statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) Version 17 (IBM 1 SPSS Statistics, Armonk, NY, USA).
Results
At the 6-month followup severely obese patients had a lower (p = 0.006) mean ROM compared with patients in the other three groups (Table 3 ). However, at the 2-year followup there was no difference in the ROM across the four groups. We observed no differences in outcome scores among the four groups at 6 months and 2 years.
The severely obese group had greater improvement from baseline (p = 0.004) in postoperative ROM (Table 4) , although there were no differences in improvement in outcome scores across the four groups. 
Discussion
Obesity has reached epidemic proportions in Asia and as a result, the continent faces a grave burden of obesity-related disorders [22] . The risks of acquiring obesity-related disorders, of which OA of the knee is one, in the Asian population increase with a BMI greater than 23 kg/m 2 [8] . This could mean that the orthopaedic surgeon could be seeing a greater number of obese Asian patients with OA of the knee. Although there are Western studies [12, 14] that clearly show the deleterious effects of obesity on postoperative outcomes after conventional TKAs, studies of Asian patients are few and inconclusive. With the advent of globalization and migrant communities throughout the world, it is imperative that the surgeon knows the peculiar characteristics of a patient from a particular community so that the ideas, concerns, and expectations of the patient are addressed. We therefore asked whether obese patients with a BMI of 30 kg/m 2 or greater would have worse ROM and function after TKA compared with their nonobese counterparts and whether they would have less improvement preoperatively to postoperatively. There were limitations to our study. First, we did not have a full range of obese patients to evaluate and match. Therefore, statistical comparison across the four groups may have been skewed. However, this also may be reflective of the distribution of obesity in the local population or reflect referral bias for an elective TKA. Second, we examined obesity only at the time of surgery and did not evaluate it with time. Patients may have lost weight and thus moved from one stratification to another. This obviously would affect the accuracy of our results. However, there is enough in the literature [10, 16] to suggest that BMIs and activity levels change little during long-term rehabilitation after TKAs. With our study evaluating shortterm outcomes, we believe that there would be no major impact on our results from this limitation. Third, effects of confounding are inevitable in a retrospective study. Multivariate analysis to control for potentially confounding factors was limited owing to the small numbers in our study. Fourth, we did not report complications and cannot comment on this issue. However, several studies [2, 14, 19, 21] have reported obese patients had a higher number of perioperative complications.
We found obese patients with a BMI of 30 kg/m 2 or greater did not have worse ROM and function after TKA compared with their nonobese counterparts at 2 years of followup. This suggests obesity does not imply poorer function in the Asian population, at least in the short-term. Our findings may be surprising considering that many orthopaedic surgeons hesitate to operate on obese patients who are prone to higher risks of component failures and worse outcomes [2, 22] . Several recent studies [9, 10, 14, 27] have examined the impact of obesity on function of TKA (Table 5 ). Although some authors reported no differences in the function between nonobese and obese patients during short-term and long-term followups [9, 27] , others have reported that severely obese patients had poorer function [10, 18] . Unlike Spicer et al. [24] who reported poorer preoperative scores with obese patients, our patients had similar preoperative outcome scores, the only exception being that the severely obese patients had poorer ROM. Concurring with Dewan et al. [9] and Stevens-Lapsley et al. [27] , we did not find that BMI negatively influenced ROM or function after conventional TKA. Järvenpää et al. [14] prospectively studied 100 patients undergoing TKAs and compared ROM and function between two BMI-stratified groups. They found obese patients had worse ROM at 3 months compared with nonobese patients, echoing our ROM findings at 6 months. Although they concluded that obesity may impair the early outcomes of TKA, function was essentially similar between the two groups as in our study. They did find, however, that the obese patients had a higher number of perioperative complications, as did other authors [2, 19, 21] . Nunez et al. [19] evaluated health-related quality of life preoperatively and at 1-year followups in severe and morbidly obese patients with knee OA and in a control group of nonobese patients undergoing TKAs. They found no differences in the outcome scores between the two groups.
We found patients in our severely obese group had gained a mean of 10°in ROM, a stark contrast to the change in ROM noted in the other groups who lost a few degrees of ROM compared with their preoperative ROM. This was surprising as obese patients would be assumed to have a greater degree of difficulty with postoperative rehabilitation and therefore poorer improvement in their ROM. However, an improvement in ROM in a patient group with a poorer preoperative ROM is a trend that has been reported in the literature [20] . Parsley et al. [20] found patients with limited ROM preoperatively had an [20] , it is consistent that severely obese patients should have improvement in ROM postoperatively. With respect to the other outcomes scores, the obese patients had similar improvements as compared with the nonobese patients. Our findings agree with those of Nunez et al. [19] , who reported that obese patients were not disadvantaged as compared with nonobese patients in terms of improvements in the outcome scores as compared with their baseline. The true impact of obesity on outcomes of TKA remains elusive as secondary disorders exert a confounding effect on results. Despite the conflicting evidence in the literature, clear relationships have been established between obesity and other comorbidities, such as cardiovascular disease and diabetes mellitus, which in turn could adversely affect outcomes after TKA [12] . TKA reportedly improves function and pain in obese patients [25] . Based on the observations in our study and the literature in general, we believe BMI should not be used as a strong determinant for anticipating postoperative outcomes or exclusion from surgery. Selection of patients should be individualized, and all factors should be considered in their entirety. Given that obesity is a potentially modifiable risk factor, preoperative and postoperative management specifically targeting obese patients should be developed. With the health risks associated with obesity, there could be bias in patient selection in a bid to avoid postoperative complications and negative outcomes. Several of these obese patients may be turned away or sent for weight reduction counseling before surgery. However, weight reduction will continue to be a challenge in these patients as their activity levels are compromised, not just by obesity but also by pain from the OA [25] . Our findings contribute additional information to the current literature and may be extrapolated to aid orthopaedic surgeons in preoperative counseling of obese Asian patients needing a TKA. Although we found no differences in the ROM and outcome scores between nonobese and obese Asian patients undergoing TKAs in the short-term, the long-term durability of the implants remains unknown.
